Abstract
INTRODUCTION
Shift workers tend to suffer from a chronic lack of sleep or cumulative fatigue from being compelled to follow a wake-sleep cycle not conforming to their innate biological rhythms. 6 Sleepiness and fatigue among shift workers are known as potential risks for occupational safety and health in many industries. 1, 4 Taking a nap during the night shift has been suggested as an effective way to prevent fatigue or other complaints related to shiftwork. 8 On the other hand, nighttime naps have a transient negative effect on performance immediately after awakening. This effect is known as "sleep inertia".
Previous studies have reported that the severity of sleep inertia depends on the timing of the nap taken and the sleep stage just before awakening. 7, 9 Therefore, it is necessary to consider the effect of nap length and timing on performance and alertness. It is suggested that an approximately two-hour nap is an appropriate length, because the first cycle of nocturnal sleep in adults usually lasts approximately two hours including the duration of both Slow Wave Sleep and REM sleep. However, some studies indicate a similar effect on alertness after less than a 2-hour nap compared with a 2-hour nap. Regarding the timing of the nap, Gillberg 5 indicated that performance in the early morning after a 1-hour nap in the later half of the night shift was superior to that during the first half of the night shift. Sallinen et al 15 reported that a nap shorter than 1-hour starting at 1:00 or 3:50 improved alertness in the early morning. However, there are few studies that focus on the timing and length of nighttime naps. In the present study, the effects of the length and timing of nighttime naps on changes in task performance and physiological functions were investigated by an experimental study carried out under simulated night shift schedules.
METHODS

Participants and design
Six students voluntarily participated in this study. All participants were healthy males, aged 19-22 yrs, non-smokers and not taking medications continuously. Participants were given a detailed description of the study, and their informed consent was obtained in writing. The study was composed of 5 experiments, each lasting 3 consecutive days with one night shift (22:00-8:00), followed by day sleep (11:30-17:00) and night sleep (0:00-7:00). The experiments had 5 different conditions in which the length and timing www.fsp.usp.br/rsp Effects of nighttime naps Takeyama H et al of naps were manipulated: 0:00-1:00 (E60), 0:00-2:00 (E120), 4:00-5:00 (L60), 4:00-6:00 (L120) and no nap (No-nap). All participants underwent the five experiments in a counterbalanced order. In order to minimize carry-over effects, there were at least five days between the experiments. The participants were instructed to do their usual daily activities and sleep between the experiments. Their sleep and awake between the experiments were measured by an actigraph. None of the participants appeared chronic or acute sleep deprivation before the experiment. On the day before the beginning of the first series of experiments the participants visited the laboratory to practice the performance tests and also slept overnight in the laboratory for adaptation to experimental environment.
During the night shifts, the participants were requested to do a set of task and performance tests every hour except when they were taking a nap. The task consisted of typing documents into a computer for 30 minutes. Performance tests were composed of a choice reaction time test (CRT), a logical reasoning test (LRT), a vigilance test (VT), and a critical flicker fusion frequency test (CFF). After the performance tests, the participants filled out a questionnaire on subjective fatigue. It took about 20 minutes to finish the 4 performance tests and the questionnaire. Therefore, the participants were able to take a break of at least 5 minutes before moving to the next set.
The participants were served two biscuits and 60 ml of mineral water every break time during the night shifts. In this study, the total number of task and performance tests differed among nap conditions. The number of the task and the performance tests during night shift was 10 for N-nap, 8 for E60 and L60, and 7 for E120 and L120. Electroencephalography (EEG), electrooculography (EOG), and electromyography (EMG) were recorded during adaptation to night sleep, nighttime naps, daytime sleep and night sleep. During all experiments, heart rate variability was continuously recorded except while taking a bath.
Measurements
A computerized test battery, including a CRT, a VT, and a LRT, was used. In the CRT, the participants were asked to press keys as quickly as possible with a finger of the dominant hand when a figure appeared randomly in the center of the displays. The test procedure for VT was similar to CRT, but the intervals for presenting the numbers on the display were arranged randomly between 1 and 10 sec. The LRT was performed as described by Baddeley.
2 "AB", or "BA", were randomly shown, followed below by "A is ahead of B," "A is not preceded by B," " B follows A," and so on. Participants were requested to answer true or false by pressing the appropriate key as quickly as possible. Critical flicker fusion frequencies were examined by recognizing a blinking light using the Roken Digital Flicker (model RDF-1; Shibata Co., Ltd., Tokyo, Japan). The participants gazed at a red light placed in the middle of a slightly illuminated screen. The red light was presented automatically with flicker frequencies ranging from 60 Hz to 25 Hz in descending order. Participants were requested to press a button when they perceived flickering. The measurements were performed five times.
EEG, EOG, and EMG were recorded with Poltmate AP1124 (TEAC Instruments Co., Ltd, Japan). Sleep stages were analyzed according to Rechtschffen and Kales. 13 The EEG and EOG were recorded from the C4-A1, C3-A2, E1-A1, and E2-A1 using silver-silver chloride electrodes. The EMG was recorded with disposable electrodes. The questionnaire consisted of 25 questions with regard to subjective fatigue feeling established by the Research Group for Occupational Fatigue of Japan Society for Occupational Health. 15 Heart rate variability was recorded with a Holter type ECG recorder (Active Tracer AC301, GMS Inc., Tokyo, Japan) during all experiments. The data were entered in a computer after measurement. Then the frequency analysis of R-R intervals by the Memcalc system (Suwa Trust Co., Ltd., Japan), and high frequency power (HF; 0.15-0.4 Hz) and low frequency power (LF; 0.04-0.15 Hz) were calculated. The component of high frequency power and LF/HF were taken as the index of parasympathetic and sympathetic nerve activity, respectively. 10 Mean values of power components were calculated every hour during the night shift. The results were the values in relation to the mean values during the entire night shift.
Data analysis
Each item on the questionnaire was scored on a 1 to 5 points scale. The average rates of complaints regarding 5 factors (feeling of drowsiness, instability, uneasiness, local pain or dullness, and eyestrain) were calculated.
The sleep physiology data were analyzed by factorial two-way ANOVA by "timing of naps" and "length of naps" as factors. Fatigue, CFF and performance data from all nap conditions (22:30, 23:30, 2:30, 3:30, 6:30, 7:30) were analyzed by two-way, repeated measures ANOVA with "time" and "nap condition" as factors. Our main interest was in the interaction effect. However, no significant interactions were observed. Therefore, the results for fatigue, CFF and performance tests during the night shift were indi-cated as relative changes in relation to the values just before beginning of night shift (21:30). Comparisons between the 5 nap conditions at the same measurement points were performed using one-way ANOVA. Post-hoc analysis was done using Scheffe's method. Statistical analyses were performed using SPSS version 10.0.
RESULTS
Sleep latency for the nap in L60 and L120 was significantly shorter than for the nap in E60 and E120 (Table) . Total sleep time was significantly longer and sleep efficiency was also higher in the nap in L60 and L120 than in the nap in E60 and E120. On the other hand, Slow Wave Sleep and its percent of total sleep in the nap in E120 and L120 was significantly longer than in the nap in E60 and L60. There were no significant interactions between time and length of naps on any of the sleep parameters. There was no significant difference in the HF component of heart rate variability (an index of parasympathetic nerve activity) between the naps taken in the second half of the night shift and those in the first half of the night shift. Mean reaction times of VT and RT in the N-nap condition deteriorated as the night work progressed.
Although the mean reaction times in VT and RT tended to be faster after the nap in E60 and E120 compared to N-nap condition, there was no significant deference (Figure 1 and 2) . However, significant delay in mean reaction time at 8:00 was observed in the E120 condition. There were no positive effects of L60 and L120 on mean reaction times after the naps. On the contrary, in L60 significant delays in mean reaction time were observed after nap compared to Nnap. The CFF values tended to improve after the nap in E60 and E120 compared with No-nap ( Figure 3) . The CFF values after the nap in L60 had an apparent tendency to deteriorate but the differences were not significant. Drowsiness score increased as night work progressed in the No-nap condition (Figure 4 ). In the four experimental conditions, drowsiness tended appeared to be suppressed after the nap compared with the No-nap but there were no significant differences. The scores for local pain or dullness in L60 and L120 tended to decrease after the nap. Feelings of instability, uneasiness, and eyestrain showed fewer differences between nap conditions.
DISCUSSION
The sleep efficiency of 120-and 60-min naps in the latter half of the night shift was higher than in the earlier two naps, and slow wave sleep in the two 120-min naps was longer than in the two 60-min naps. Therefore, a 120-min nap in the latter half of the night shift was superior to other nap conditions in terms of sleep quality. These findings were consistent with previous studies indicating the superiority of naps taken near the circadian nadir. 5, 14 The data on higher parasympathetic nerve activity during the 120-min and 60-min naps in the latter half of the night shift compared with the 120-min and 60-min naps in the former half is consistent with the sleep quality data.
Task performance after 120-min and 60- min naps in the first half of the night shift tended to be improved for a while after awakening. Task performances following the later two naps showed no clear improvements after awakening regardless of the superior sleep quality achieved. On the contrary, performance deteriorated after awakening for the later 60-min nap. Lubin et al 7 reported that performance decreased immediately after taking a nap and the effect of this "sleep inertia" continued for 5-15 minutes after waking. Previous studies have indicated that both duration and intensity vary. Dinges et al 3 reported that deeper sleep just before awakening leads to more severe sleep inertia. Naitoh 9 suggested that sleep inertia might be more severe around the circadian nadir than at other times of the day.
In the present study the relations between degrees of sleep inertia and sleep stage upon awakening were not consistent between participants. In addition, the slower reaction time continued until the end of the night shift. Sallinen et al 14 examined the effects of 50-min and 30-min naps on three-shift workers with timing similar to that in our study. However, their results indicated no serious sleep inertia and no difference between earlier and later naps. Our findings were not consistent with previous studies regarding the severity and duration of sleep inertia. We have identified no convincing explanations for this difference so far. It might be due to slight differences in nap length and timing or different experimental conditions. In VT, the reaction times between the No-nap condition and L120 were already different at the beginning of the night shift. In this study, the participants were informed which nap condition they had to perform at beginning the experiments. It was presumed that some psychological factors partly caused the differences between the Nonap condition and L120.
Subjective feelings of sleepiness in this study were not clearly reduced by the naps. Saito & Sasaki 13 reported that subjective fatigue was clearly decreased by both a 1-and 2-hour nap. Our results were not consistent with their study. The score for local pain or dullness in L60 and L120 tended to decrease after a nap regardless of significant sleep inertia. Further studies with larger sample sizes are necessary to resolve such discrepancies.
In summary, naps in the second half of the night shift were superior to earlier naps in terms of sleep quality. However performance declined after a 1-hour nap taken later in the night shift due to sleep inertia. It was suggested from this study a short (60 minute) nap must be carefully timed to gain optimum benefit. The number of participants in this study was low (n=6), producing low statistical power. Therefore, further investigations using larger sample sizes are necessary.
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